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Description

[0001] The presentinvention relates to an anti-friction coating comprising a polymeric resin, a lubricant, and a solvent
which provides a dry lubrication system for steel and/or aluminium surfaces, particularly fasteners used in industrial and
automotive applications such as, for example, engine fasteners .

[0002] Metal parts such as fasteners must be lubricated prior to use. The current industrial standard process for coating
these metal parts is a combination of pre-treatment of the metallic surfaces followed by application of a lubricating film.
A wide variety of pre-treatment processes may be used. For instance using an antifriction coating according to WO
2009/138471 A1 is a possibility.

[0003] The one selectedis typically determined by the nature of the substrate being treated and by the level of corrosion
protection needed. For example: for phosphating pre-treatments an oil or wax-film is applied subsequent to phosphating
for reaching the required lubrication. Similarly, for pre-treatments using zinc (Zn)-flake coatings or galvanic layers wax-
films or top coats containing solid lubricants are applied to reach the requested lubrication performance. Of these the
most common pre-treatment of the metal parts is by phosphating the metal part and then, as the resulting "phosphated"”
layer alone does not provide sufficient lubrication for the part, applying an oil/wax layer to provide a fluid/wet lubrication
system for the parts treated.

[0004] "Phosphating", the application of phosphate coatings, is a traditional pre-treatment process used on metal
surfaces, especially steel, aluminium and zinc. Phosphate coatings are usually applied, for corrosion resistance, and to
a very limited extent, lubricity and/or as a foundation (improving adhesion for instance) for subsequent coatings of the
aforementioned oils, waxes or alternative coatings. Phosphate coatings are applied in the form of dilute manganese
phosphate, and/or zinc phosphate solutions in phosphoric acid, typically by immersion or spraying methods on to the
required metal substrate. Chemical interaction between the metal substrate surface and the solution results in dissolved
salt(s) being precipitated out and deposited on the metal surface. As previously indicated the resulting phosphate dep-
osition on the metal surface provides a limited degree of corrosion resistance and lubrication necessitating the need for
additional layers of oils and/or waxes to be applied onto the phosphate substrates in order to provide the necessary
level of lubrication for the substrate.

[0005] In the case of fasteners such as engine fasteners the combination of pre-treatment followed by the application
of an oil and/or wax layer have a number of disadvantages which the industry has failed to overcome, including for
example :

- inconsistent corrosion protection (e.g. after 8 and/or 16 Hours (h) in standard salt-spray tests);
- theoil/wax film spreads away from the surface of fasteners generating scatter (inconsistency) of coefficient of friction
(COF);

* the oil/wax film soils the fingers of operators;

* the oil/wax film soils assembly equipment (e.g. feeding lines and fastener; tightening devices etc.) used during
the assembly of machines etc. using fasteners treated with said oils and waxes;

e the oil/wax film tends to pick up dust which can lead to additional problems during assembly processes or
thereafter;

e phosphating layers may induce hydrogen embrittlement on hardened steels used for manufacturing fasteners
(for classes > 10.9).

[0006] It has now been identified that the above issues can be significantly reduced or eliminated by replacing the
above fluid/wet lubricating systems with dry lubricating antifriction coatings as described hereinbelow.

[0007] Accordingly there is provided an antifriction coating as defined in claim 1.

[0008] Antifriction coatings are well known in the art as high performance dry lubricants offering maintenance-free
permanent lubrication under working conditions which conventional lubricants (such as mineral-oil and synthetic greases)
cannot withstand, for example in terms of load carrying capacity (LCC), temperature range, adhesion, fretting corrosion
protection, and/or chemical resistance. They are applied to a substrate as a thin coating (typically 5 to 20.m) forming
a dry film on the substrate surface by conventional application techniques, such as spraying, dip-spinning (i.e. centri-
fuging), dipping or brushing, followed by heating to evaporate the solvent and cure the coating. Application of antifriction
coatings to substrates is often improved by pre-treatment of the substrate surface, for example by the previously discussed
phosphate coatings or alternatively, fine sandblasting, pickling or anodising.

[0009] In the present antifriction coating, a resin binder is provided to actuate adhesion and anchorage of the AFC to
the substrate. The resin binder (i) comprises a mixture of phenolic resin, epoxy resin, and a silicone resin. Suitable
phenolic resins include copolymers of phenol, cresol, alkylphenol and formaldehyde and phenolether resins like alkyl-,
aryl- and allylether resol resins; of these phenolether resins such as alkyl-,aryl- and allylether resol resins are preferred.
[0010] Any suitable epoxy resin may be utilised, for example copolymers of bisphenol A and epichlorohydrin i.e.
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diglycidilethers of Bisphenol A (DGEBA). The epoxy resins may have a molecular weight up to 8000 based on gel
permeation technology measurements.

[0011] The polyorganosiloxane resin is a complex multi-branched material comprising at least two different units
chosen from those of formulae R3SiOg 5 (M units), R,SiO5/, (D units), RSiO3, (T units) and SiOy4p (Q units), with at
least one of these units being a unit T or Q. Each R group may be the same or different and may be linear or branched
and is selected from C, -C, alkyl radicals, alternatively C, -C,, alkyl radicals or alternatively C, - C4 alkyl radicals such
as, for the sake of example, methyl, ethyl, isopropyl, tert-butyl and n-hexyl radicals; C,-Cg4 alkenyl radicals, such as vinyl
and/or hexenyl radicals, phenyl radicals, 3,3,3-trifluoropropyl and hydroxy groups.

[0012] Examples of resins that are particularly suitable are DT, MDT and T resins in which T units (RSiO3,) will
particularly comprise alkyl or phenyl R groups, typically methyl groups or phenyl groups and when present D units
(R,SiO,),) are present as dimethyl (Me,) D units (each R being methyl), methylphenyl D units (one R being methyl and
the other phenyl) or diphenyl D units (each R being a phenyl group).

[0013] Hence preferred DT and T resin are those containing the following mole % of Me or Ph containing T units and
when present Me,, PhMe, and/or Ph,, containing D units: T units

from 0 to 45 mol% -Me containing T units; and

from 35 to 100 mol% Ph containing T units;

D units (when present)

from 0 to 40 mol% -Me, containing D units;

from 0 to 5 mol% -PhMe containing D units;

from 0 to 15 mol% -Ph, containing D units;

with the total mole % for each composition being 100%. It is to be noted however that up to 5% by weight of R
groups linked to the above T and D units may be hydroxyl (-OH) groups.

[0014] Preferably, the binder 15 to 40% by weight phenolic resin, 55 to 75% by weight epoxy resin, and 10 to 30% by
weight silicone resin, to a total of 100% by weight. In relation to binder content 100% by weight as described is the weight
of the 2 or 3 ingredients in the binder and excludes solvent in which one or more of the constituents may be supplied.
[0015] The composition further contains a thickener (ii) added in an amount sufficient for the composition to reach a
pre-determined viscosity required to enable proper application of uncured AFC on to a substrate so that the resulting
coating on the substrate is within a required thickness range. Surprisingly it was found that polyamide thickeners gave
significantly better results than other, perhaps more traditional thickeners for lubricants such as metal soaps, silica,
bentone, urea based materials. The polyamide waxes utilized were the products resulting from reactions of long-chain
carboxylic acids with mono- or polyfunctional amines (e.g. alkylenediamines) or with ammonia. For example interactions
between long-chain fatty acids with diamines, including,

(i) reaction products of stearic acid or palmitic acid with ethylenediamine;

(ii) Reaction products of alkylenediamines, preferably of ethylenediamine, with linear fatty acids or mixtures of fatty
acids, for example tallow fatty acid, coconut fatty acid, stearic acid, palmitic acid, behenic acid, or erucic acid.

(iii) reaction products of alkylenediamine, preferably of ethylenediamine, with 12-hydroxystearic acid, preferably
Amide wax C, the reaction product of alkylenediamine, preferably of ethylenediamine, with 12-hydroxystearic acid
and with linear fatty acids.

[0016] It is the thickener which makes the difference. The amount of thickener and its chemical nature give the con-
sistency wanted.

[0017] The composition also requires one or more solid lubricants (and/or pigments) mainly to regulate the coefficient
of friction (COF) performance. Any suitable solid lubricant (iii) may be utilized. These include, for the sake of example,
Graphite, MoS,, PTFE, Silicone Wax, a solid hydrocarbon wax such as a polyolefin wax, for example micronised poly-
propylene wax, polyethylene wax, polyamide wax or a mixture of PTFE and polyolefin wax , or molybdenum disulphide,
graphite, zinc sulfide or tricalcium phosphate, or a mixture of any two or more of these.

[0018] A variety of pigments may be utilized, for example calcium fluoride (CaF5), aluminium trioxide (Al,O3), Silicon
carbide (SiC), silicon nitride (SiN,), titanium carbide (TiC), titanium oxide (TiO,), silicon oxide (SiO,) and other appropriate
inorganic powders and mixtures thereof. Other pigments which may be utilised include melamine cyanurate (alone or
mixed with a micronized amide wax, polyamide-12 polymer, polyetheretherketone polymers as well as mixtures thereof
and with the inorganic materials listed above.

[0019] The composition requires a solvent which is provided to dissolve resin (i) and enable application of an uncured
AFC on the substrate, e.g. a fastener. Solvents (iv) for use in the antifriction coating as described herein are well known
in the art. Suitable solvents for use in antifriction coatings include water, alcohols (e.g. methanol, ethanol, propanol,
butanol), ketones (e.g. acetone, methyl ethyl ketone, methyl butyl ketone, cyclohexanone), esters (e.g. butyl acetate),
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heterocyclic (e.g. N-methylpyrrolidone) and non-heterocyclic aromatic solvents (e.g. toluene, xylene), including mixtures
thereof. Preferred solvents for the antifriction coating as described herein are mixtures of alcohols and esters, in a ratio
of from 10:90 by weight to 50:50. The solvent is typically present in the composition as hereinbefore described in an
amount of from 30 to 80 % by weight of the total composition, alternatively 40 - 80%, alternatively 50 - 80%, alternatively
65- 75% by weight of the total composition. Any suitable combination of alcohols and esters may be utilized such as n-
butylacetate and n-butanol or a combination of alcohols, esters and ketones such as a mix of butylacetate, ethanol and
methylethylketone; both combinations provide suitable solving ability of the resin binder system (i); whereas the solvent
mix butylacetate and n-butanol is preferred in order to obtain a flash-point > 23°C.

[0020] Optionally, a suitable catalyst may be utilized to accelerate cure of the dry coating on to suitable targets or
substrates. Examples of suitable catalysts for this purpose include, phosphoric acid and phenolsulphonic acid.

[0021] Antifriction coatings as hereinbefore described may additionally incorporate a variety of compatible additives

e.g.-

(i) surface tension additives such as silicone glycols to improve wetting of the coated parts; and

(ii) silane coupling agents such as methyltrimethoxysilane, 1,6-bis(trimethoxysilyl)hexane, (ethylenediaminepro-
pyl)trimethoxysilane, (3-glycidoxypropyl) trimethoxysilane, (3-glycidoxypropyl) triethoxysilane to improve both ad-
hesion of the resin to the substrate and cohesion between solid lubricants and binder system.

[0022] In one alternative the antifriction coating composition comprises

(i) 15- to 30 % by weight of resin binder (excluding the weight of any solvent in which resin is supplied)
(i) 1-to 8 % by weight of polyamide thickener,

(iii) 50- 80 % by weight solvent and

(iv) 0.5 - 15 % by weight of one or more solid lubricants

(v) 0 - 3 % by weight of one or more silane coupling agent(s)

and optional additives, when present, with the total % weight being 100%.

[0023] In another alternative the antifriction coating comprises

(i) 20- 25 % by weight of the a resin binder (excluding the weight of any solvent in which resin is supplied)
(i) 2 -5 % by weight of polyamide thickener,

(iii) 65 - 75 % by weight solvent and

(iv) 1.5 - 11 % by weight of one or more solid lubricants;

(v) 0 - 2 % by weight of one or more silane coupling agent(s)

and optional additives, when present, with the total % weight being 100%.

[0024] The resin binder in the above compositions comprises

15 to 50% by weight, phenolic resin,

50 to 85% by weight epoxy resin, and

10 to 30%, silicone resin to a total of 100% by weight of the total binder components (excluding any solvent in which
one or more of the constituents may be supplied).

[0025] Alternatively the resin binder in the above compositions comprises

15 to 40% by weight phenolic resin,

55 to 75% by weight epoxy resin, and

10 to 30% by weight silicone resin to a total of 100% by weight of the total binder components (excluding any solvent
in which one or more of the constituents may be supplied).

[0026] In any of the above alternatives the antifriction coating comprises a polyamide wax as thickener (ii) and/or a
mixture of an ester and an alcohol as solvent (iii) and/or PTFE as solid lubricant (iv). Typically when present the catalyst
is a phosphoric acid and when present the coupling agent is a silane.

[0027] The antifriction coating according to the present invention can be prepared by mixing the components together
using conventional apparatus in any suitable order. For example dissolving resins and introducing the thickener and
solid lubricants and other additives if present.

[0028] The resulting antifriction coating according to the present invention may be applied to a surface by any con-
ventional application technique, for example brushing, dipping e.g. dip-spinning, and spraying (e.g. by aerosol can).
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Other common application methods include spraying drums, centrifuges, electrostatic or automatic spraying, printing
and roller coating. The chosen method of application will depend upon the shape, size, weight and quantity of items to
be coated. Depending on its viscosity and the nature of the substrate surface, the coating composition may be applied
onto said substrate several times. The coating thickness has a considerable influence on the service life, coefficient of
friction and anti-corrosion properties of the antifriction coating. Hence, the coating thickness should be greater than the
roughness of the surface, typically from 5 to 20pm. Once the surface has been coated with the antifriction coating, it is
dried to evaporate the solvent and cure the coating.

[0029] The curing process for the composition depends on the nature and/or size of the substrate. For aluminium
based substrates the composition is cured in an oven for 10 to 30 minutes at a temperature of between 100°C and
150°C. For steel based substrates the composition is cured in an oven for 10 to 30 minutes at a temperature of between
150°C and 200°C.

[0030] The cured antifriction coating (dry film) preferably comprises:

In weight %:

5 to 35 % of one or more solid lubricants
65 to 92 % of resin binder package
1 to 4 % of thickener; and

In volume %:

5 to 30 % of one or more solid lubricants
65 to 91 % of resin binder package
2 to 5 % of thickener.

[0031] The antifriction coating as hereinbefore described may be used alone and indeed in many applications is
suitable for application without the need of pre-treatments such as phosphating layers. However, whilst this is preferred
coatings as hereinbefore described are equally utilizable in combination with commercially available coatings and/or
/surface treatments suitable for increasing the corrosion protection of a steel substrate where required. These might
include phosphating layers such as Zn-phosphating layers, Zn-rich coatings (organic resin binder + Zn-pigments of round
and flakes form), Zn-flakes base coats (inorganic resin binder + Zn- and Aluminium-pigments in flakes form), Zn-plating
(galvanic layer like Zn, Zn-Ni and Zn-Fe) layers, or hot dip Zn-galvanizing layers. To improve adhesion on Zn-plating
layers Zn-phosphating may be necessary, depending on the surface characteristics of the plating system. Other types
of phosphating layers may be utilized to enhance adhesion. These may include iron phosphating layers and manganese
phosphating layers.

[0032] There is also provided herein a method for coating a substrate with an antifriction coating, which method
comprises optionally pre-treating a substrate to be coated, and coating the substrate with the antifriction coating according
to composition as hereinbefore described.

[0033] Substrates may be pre-treated prior to coating with an antifriction coating to improve adhesion and life of the
antifriction coating. Conventional methods of pre-treatment include degreasing (for example, using solvents or steam),
treatment of corroded surfaces by acid or alkali, phosphating, oxalic acid treatment of stainless steel, sandblasting and
anodizing with sandblasting a preferred option. Sand blasting cleans the steel of any rust and imperfections, giving a
clean surface to coat, as well as adhesion for the antifriction coating to stick to. Alternatively other suitable pre-treatments
to improve adhesion include Mn-phosphating and Fe-phosphating.

[0034] As previously indicated, one main opportunity for an antifriction coating as provided herein is as a replacement
for the combination of phosphating layer + oil/wax film widely used for lubricating engine fasteners as well as fasteners
and threaded connections in several other applications in oil-gas, appliances, automotive, and energy equipments,
particularly applications where parts are generally pre-treated with conventional pre-treatments like: phosphating, Zn-
flakes, galvanic layers (galvanic plating). Specific examples can include, dry permanent lubrication of nuts, bolts and
other fasteners; hinges, lock parts, engine fasteners, door stoppers, magnets, running-in aids for engines window guides,
seat belt components, brake rotors and drums, gear parts and other transportation industry related parts.

[0035] industry has set specific requirements for lubrication type coatings on engine fasteners:

1) Cured antifriction coatings (AFCs) must provide a dry coating on the fastener (non-soiling);

2) The coefficient of friction (COF) during assembling (tightening) must fall within the range of 0.09 - 0.15;

3) the AFC must provide transport corrosion protection (i.e. covering the period of transport from the producer to
the user) - i.e. must pass an 8 hour duration salt spray test;

4) the fastener must be sand-blasted and/or degreased prior to application of the AFC
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5) the maximum curing temperature of the AFC must be: 200°C for steel substrates and 150°C for aluminium
substrates;

6) the maximum dry film thickness: 10 um;

7) when cured an AFC must have good adhesion on steel and aluminium alloys (typical for fasteners).

[0036] The presentinvention will now be illustrated by way of example. All percentages are by weight unless otherwise
indicated.

[0037] Inthe Tables identifying compositions relied upon for the examples it is to be understood that the resin package
used unless otherwise indicated was a mixture of epoxy resin + phenolic cross-linker + silicone resin in which:

The epoxy resin used was Bisphenol A Diglycidyl Ether Copolymer sold as Epikote® 1007 by Momentive Specialty
Chemicals, Houston US;

The phenolic "cross-linker" was A mix of Allylethers of Mono-, Di- and Trimethylolphenols sold as Methylon® 75108
by the Durez Corporation of Addison, Texas; and

The silicone resin was a DT phenyl-methyl silicone resin sold as Dow Corning® 220 Flake Resin by Dow Corning
Corporation of Midland Michigan.

[0038] The solvent used was a mixture of n-butylacetate and n-Butanol in the amounts as indicated in the Tables.
[0039] Unless otherwise indicated the thickener used in the examples was a polyamide wax sold as THIXATROL®
P220X - MF from Elementis Specialities of Cologne Germany.

[0040] As solid lubricants a PTFE wax mixture and a wax were utilized for the sake of example:

The PTFE wax mixture used was a PE-wax modified fluorocarbon sold as Polyfluo® 400XF from Micro Powders, Inc.
of Tarrytown, NY, USA and the wax utilized in some examples is an optional high melting point modified PP-wax sold
as Micropro® 600 also from Micro Powders, Inc. of Tarrytown, NY, USA.

[0041] Excepting for Examples 6 and 7, all above commercial materials utilized were those commercially available
under the relevant Trade Marks during the summer of 2013. In the case of Example 6 and 7 all above commercial
materials utilized were those commercially available under the relevant Trade Marks during the summer of 2014.

Example 1

[0042] In this example it was unexpectedly identified that the use of amide waxes as thickeners rather than industrial
standard thickeners were optimum for the composition described herein. Generally for typical Anti-Friction Coating
formulations thickening systems like Bentone products are widely used. It was unexpectedly found that the use of
polyamide wax based thickeners enhanced the corrosion protection performance of the composition as will be seen
below in which Tables 1a and 1b depict the compositions (amounts indicated are weight % of the composition) utilized
and Table 1c provides details of the corrosion protection results.

Table 1a
Formulation Comp 1 Comp 2 Comp 3 Comp 4 Comp 5
Butylacetate (solvent) 46.8 48.3 48.2 50.7 52.3
n-butanol (solvent) 15.0 15.5 15.5 16.3 16.8
Epoxy resin (binder) 14.8 15.3 16.0 16.0 15.9
Si-resin (binder) 4.3 4.4 4.7 4.7 4.6
Phenolic resin (binder) 4.9 5.0 5.3 5.3 53
Phosphoric acid (catalyst) 0.3 0.3 0.3 0.3 0.2
Thickener 42A1,0;5 | 4.4A1,05 | 4.6A,05 | 1.6 Bentone® 38V | 2.2 Bentone® SD-2
Solid lubricant PTFE-wax mix | 9.7 6.8 5.4 5.1 1.6
Wax 0 0 0 0 1.1
Total 100 100 100 100 100

[0043] In Table 1a it will be seen that the thickeners in the prepared antifriction coatings were the traditionally used
aluminium trihydroxide and bentone clay type thickeners. BENTONE® 38 V is an organically modified hectorite com-
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mercially available from Elementis Specialities of Diegem Belgium and BENTONE® SD-2 is an organic derivative of a
bentonite clay.

Table 1b

Formulation 1 2 3 4 5
Butylacetate 57.6 | 57.2 | 56.9 | 56.7 | 56.0
n-butanol 16.3 | 16.2 | 16.1 | 16.0 | 15.9
Epoxy resin 136 | 136 | 135 | 134 | 133
Si-resin 4.0 4.0 3.9 3.9 3.9
Phenolic resin 4.5 4.5 4.5 4.5 4.4
Phosphoric acid 0.2 0.2 0.2 0.2 0.2
Polyamide thickener 1.5 2.0 2.0 3.0 4.0
Solid lubricant PTFE-wax mix | 1.4 0.9 1.4 14 14
Wax 0.9 0.9 1.5 0.9 0.9

[0044] A reference coating was additionally tested. Ref 1 referred to in Table 1c below relates to a commercial AFC
Molykote® D-708 from Dow Corning Corporation of Midland Michigan. In the case of Ref. 1 however, two coats were
applied due to the comparatively low viscosity of the composition (see Table 1c).

[0045] The antifriction coating indicated above as formulation 1 in Table 1b was prepared using the following process
based on cold blending, using a mixer with stirrer:

[0046] The solvents were intermixed. The epoxy resin was then dissolved in the solvent mixture with stirring. The
silicone resin was then introduced and thoroughly mixed into the epoxy resin solution resulting from the above, again
with stirring. The thickener and solid lubricants were subsequently introduced and mixed into the solution, mix with
dissolver

[0047] After which the phenolic cross-linker and in this case catalyst (phosphoric acid) were introduced and intermixed.
All compositions throughout the examples were made using the above methodology. Additives can be introduced into
the solvent solution at any time but typically for the above additives were added simultaneous with the introduction of
the thickener and lubricant materials or immediately thereafter.

[0048] It was found that the polyamide thickener utilized had good compatibility/resistance with the solvent mixture
and the resulting uncured coating showed excellent viscosity stability over time. The viscosity of the AFC formulations
used in Table 1c was measured in accordance with DIN EN 1ISO 2431 using ISO Cup 4. All other viscosity measurements
of compositions provided in the remaining examples use the same method (unless otherwise indicated).

[0049] The coating compositions were applied onto M10 type steel fasteners with ISO 898-1 strength ratings (otherwise
known as property classes) of 8.8, 10.9 or 12.9 as tabulated below or otherwise indicated below. In the case of Table
1c the fasteners used were M10 class 8.8 fasteners.

[0050] In the case of Table 1c, each coating composition above was applied onto M10 class 8.8 fasteners by dip-
spinning after which the resulting anti-friction coating (AFC) was cured on the so treated fasteners for a period of 20
minutes at 200°C. This application process was used for coating all fasteners throughout the examples. It is to be noted
however that this coating process was utilized merely for example.

[0051] Theresulting fasteners coated in the cured AFC as described in Tables 1a and 1b were then tested for corrosion
resistance using with method DIN EN I1SO 9227 and the % of red rust formation after 16 h in salt-spray tester is given
in below table 1c in respect of both the thread of the fastener and the head of the fastener. As fasteners are normally
handled as bulk goods and therefore exposed to impacts during handling, packaging and transport a procedure has
been developed to evaluate the coated fasteners also under this aspect, i.e. under a more rigorous testing. For this a
required number of coated fasteners were placed in a cylindrical container (pail) equipped in its inside with stumble
traps; the pail was rotated at low rotational speed for a period of 10 minutes and then the coated fasteners were blasted
for 2 min with air pressure at 4 bar (4 X 105 Nm-2) and then the anti-corrosion properties were determined with method
DIN EN ISO 9227 (henceforth this more rigorous testing is referred to as "tumbling"):
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Table 1c
Formulation | Viscosity | Coat Corrosion - after 16 hrs (on Corrosion - after 16 hrs (on thread/on
[s] Thickness thread/on head ) [% of area head ) after tumbling [% of area
(pm) affected by red rust formation] affected by red rust formation]
Comp 1 43 5.3 6/2 14/10
Comp 2 46 5.4 2/0.6 7/5
Comp 3 42 7.6 5/1 25/14
Comp 4 42 8.9 14/16 26/18
Comp 5 33 4.7 5.7/2 7/6
1 22 22 4/9 6/14
2 24 2.8 3/6.5 8/18
3 245 25 0.7/1.1 2.0/3.0
4 27 2.6 1.8/1.8 2.6/6
5 42 5.1 1.1/0.8 1.8/2.2
5(2) 38 8.6 1.1/0.8
Ref 1 14 6.1 1.0/0.6 20/11
[0052] It is to be noted that the formulations using traditional thickening systems (i.e. Comps 1-5) showed limited

corrosion resistance after mechanical damage.

Example 2 - Reference Materials

[0053]

Solid lubricants were identified by testing modified versions of solid lubricants normally used for Anti-Friction

Coatings. Of these the most common are perhaps MoS, (Molybdenum disulfide), graphite, PTFE and synthetic waxes.
[0054] Asreferencestwo commercially available AFCs were tested for coefficient of friction COF). The AFCs assessed
were Molykote® D-708 (which contains a PTFE based solid lubricant) and Molykote® D-3484 (a MoS, based AFC).
[0055] Sample fasteners were coated as previously described in Example 1 with the following Curing conditions:

Molykote® D-708 = 20 min @ 200°C;

Molykote® D-3484 = 15 min @ 170°C

[0056] The resulting treated fasteners were analysed for their coefficient of Friction (COF) using a Schatz testing
machine (type 5413-4504) according to standard ISO 16047. Selected material pairing in the contact of the under head
was a steel strip (with hardness and surface treatment as per standard ISO 16047, par. 7.2.2). Bolts of class 8.8 were
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pre-tensioned with 26 kN on the fastener tester (Schatz test machine) in this example.

[0057] The results are provided in Table 2 below:
Table 2
Formulation | Viscosity [s] | Coat Thickness (um) | COF,; COFynread COFpead
Ref 1 (a) 14 10.7 0.124 (0.043) | 0.183(0.110) | 0.093(0.021)
Ref 1(b) 14 10.7 0.123 (0.051) | 0.177 (0.126) | 0.095(0.025)
Ref 1 (c) 14 17.7 0.120 (0.061) | 0.183(0.147) | 0.087(0.019)
Ref 2 60 5.3 0.065 (0.035) | 0.096 (0.090) | 0.049(0.023)
[0058] Requirements from the industry are:




EP 3 083 750 B1

Total Coefficient of Friction (COF) range: mean value between 0.09 and 0.15
Scatter (max minus min measured value) of the total COF: 0.03.

[0059] The values in Table 2 for COF are mean values from ten samples unbracketed values and scatter values in
brackets. In view of the latter it was considered that Ref 2 was showing COFs which were too low and the Ref 1 samples
used were showing inadequate lubrication of the threads, inducing a too high scatter of the total COF.

Example 3
[0060] Given the results in the previous Examples alternative solid lubricants were sought. Formulation 6, 7 and 8 in

Table 3a depict formulations containing traditional solid lubricant materials, namely powder 3M® Dyneon™ TF 9205
PTFE a micronized fluorocarbon powder from 3M and Micropro® 600 as hereinbefore described.

Table 3a

Formulation 6 7 8
Butylacetate 59.34 | 55.78 | 56.52
n-butanol 15.80 | 15.77 | 15.89
Epoxy resin 13.29 | 13.23 | 13.37
Si-resin 3.85 3.83 3.87
Phenolic resin 4.41 4.37 4.43
Phosphoric acid 0.21 0.20 0.22
Polyamide thickener | 1.32 3.98 1.33
Dyneon® TF-9205 0 0 4.37
Micropro 600 1.78 2.84 0
Total 100 100 100

[0061] Suchcompositions were then compared with formulations 9to 14 in Table 3b using the preferred solid lubricants,
described above in the introduction to the examples, Polyfluo® 400XF and Micropro® 600 and identified henceforth as
"Solid lubricant PTFE-wax mix"..

Table 3b

Formulation 9 10 11 12 13 14
Butylacetate 53.41 | 53.82 | 55.28 | 56.06 | 55.39 | 56.57
n-butanol 15.10 | 15.21 | 1563 | 1585 | 16.21 | 16.00
Epoxy resin 12.67 | 1277 | 1312 | 13.30 | 13.14 | 13.44
Si-resin 3.67 3.70 3.79 3.86 3.81 3.89
Phenolic resin 4.21 4.25 4.35 4.42 4.36 4.46
Phosphoric acid 0.20 0.20 0.20 0.20 0.20 0.20
Polyamide thickener 3.82 3.94 3.94 4.04 4.00 4.02
Solid lubricant PTFE-wax mix | 6.06 6.10 2.80 1.36 1.40 0.54
Wax 0.87 0 0.90 0.91 1.49 0.88
Total 100 100 100 100 100 100

[0062] On the fastener tester (Schatz test machine) bolts of class 8.8 were pre-tensioned with 26 kN and bolts of class
10.9 were pre-tensioned with 38 kN.
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Table 3c

Formulation | Coating Thickness (um) | Bolt Type | COF,; COFihread COF}cad

10 7.9 8.8 0.098 (0.015) | 0.120 (0.030) | 0.085(0.025)
10 7.0 8.8 0.127 (0.037) | 0.143 (0.055) | 0.118(0.033)
10 10.3 10.9 0.103 (0.019) | 0.137 (0.021) | 0.085(0.027)
9 6.7 8.8 0.110 (0.032) | 0.124 (0.066) | 0.102(0.032)
11 5.6 8.8 0.119(0.029) | 0.135(0.067) | 0.110(0.040)
12 8.6 10.9 0.115(0.025) | 0.148 (0.034) | 0.097(0.039)
12 8.1 10.9 0.097 (0.044) | 0.143 (0.059) | 0.073(0.037)
12 8.8 10.9 0.102 (0.050) | 0.138 (0.073) | 0.083(0.048)
12 6.2 10.9 0.111(0.046) | 0.140 (0.094) | 0.096(0.047)
12 8.1 8.8 0.126 (0.046) | 0.150 (0.064) | 0.122(0.049)
13 8.3 10.9 0.092 (0.032) | 0.125(0.057) | 0.075(0.046)
13 9.4 10.9 0.085 (0.034) | 0.109 (0.063) | 0.073(0.038)
14 8.1 10.9 0.128 (0.056) | 0.148 (0.073) | 0.117(0.060)
7 9.0 10.9 0.141(0.070) | 0.167 (0.088) | 0.128(0.074)
6 10.9 0.138 (0.044) | 0.152(0.062) | 0.131(0.056)
8 10.9 0.138 (0.022) | 0.185(0.031) | 0.114(0.039)

[0063] Again, the values in Table 3c for COF are mean values from ten samples unbracketed values and scatter
values (in brackets), whereas each bolt sample was tightened three times consecutively; the statistical values were
calculated considering each of the three consecutive tightening for each bolt (this means: for ten bolts the mean and
scatter values are statistically calculated 30 measured COF-values).

[0064] Some formulations were also tested for high strength bolts of class 12. 9 as depicted in Table 3d. These were
welding nuts pre-tensioned with 47 kN. Data refer to mean values and A-range of 10 bolts tested, each of them tightened
for one time.

Table 3d
Formulation Coating Weight (g/bolt) Bolt Type COF, COFhread COF}cad
10 0.047 12.9 0.088 (0.015) 0.088 (0.016) 0.088 (0.021)
12 0.045 12.9 0.119 (0.020) 0.118 (0.035) 0.118 (0.013)

Note: it was not possible to measure the film thickness on this type of bolt as the shaft does not have a plane surface,
but a full thread along the whole shaft; we controlled the thickness by measuring the coat weight.

[0065] Corrosion resistance was also tested and the results are depicted in in Table 3e.
Table 3e
Formulation | Viscosity | Coat Thickness Corrosion - after 16 hrs Corrosion - after 16 hrs (on thread/on
[s] (m) (on thread/on head) head ) after tumbling

8 34 6.6 4.0/0.6 4.0/3.0

6 42 8.3 1.3/0.0 4.0/3.0

7 35 7.0 3.0/2.4

12 42 5.1 1.1/0.8 1.8/2.2

12 38 8.6 1.1/0.8

1"
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(continued)
Formulation | Viscosity | Coat Thickness Corrosion - after 16 hrs Corrosion - after 16 hrs (on thread/on
[s] (m) (on thread/on head) head ) after tumbling
13 33 8.3 1.1/0.8
14 37 5.8 2.0/1.6
11 39 5.6 1.2/0.9
9 30 6.7 3.0/2.0
10 36 7.9 1.3/1.5
Example 4
[0066] The results depicted in Table 3c above can be seen to have showed that several of the coatings therein resulted

in too large a scatter of coefficient of friction on threads. In order to try and decrease the level of scatter a selection of
silanes were introduced into the composition and compared to see if their presence resulted in a reduction of scatter.
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The compositions tested are indicated in Table 4a.

Table 4a
Formulation 15 16 17 18 19 20 21
Butylacetate 5553 | 55.563 | 54.72 | 54.72 | 55,53 | 55.53 | 55.53
n-butanol 15.70 | 15.70 | 15.47 | 1547 | 1570 | 15.70 | 15.70
Epoxy resin 13.17 | 13.17 | 1298 | 1298 | 13.17 | 13.17 | 13.17
Si-resin 3.81 3.81 3.76 3.76 3.81 3.81 3.81
Phenolic resin 4.37 4.37 4.32 432 4.37 4.37 4.37
Phosphoric acid 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Polyamide thickener 3.96 3.96 3.90 3.90 3.96 3.96 3.96
Solid lubricant PTFE -wax mix 1.35 1.35 2.77 2.77 1.35 1.35 1.35
Wax 0.90 0.90 0.89 0.89 0.90 0.90 0.90
y- aminopropyl triethoxysilane 1.00
1,6-bis(trimethoxysilyl) hexane 1.00
(Ethylenediaminepropyl) trimethoxysilane 1.00
Methyltrimethoxysilane 1.00 1.00
Glycidoxypropyl - trimethoxysilane 1.00 1.00
Total 100 100 100 100 100 100 100
[0067] Theformulationsin Table 4awere thentested for coefficient of friction using the same methodology as previously
described again using class 8.8 (26 kN) and 10.9 (38 kN) fasteners. The results are depicted in Table 4b:
Table 4b

Formulation | Coating Thickness (um) | Bolt Type | COF, COFihread COF}cad

17 8.4 8.8 0.112 (0.025) | 0.128 (0.038) | 0.130(0.033)

18 8.4 8.8 0.107 (0.024) | 0.118 (0.042) | 0.100(0.033)

19 8.4 8.8 0.124 (0.038) | 0.157 (0.058) | 0.106(0.064)

20 7.2 8.8 0.130 (0.067) | 0.150 (0.073) | 0.119(0.065)

21 10.6 8.8 0.118 (0.028) | 0.149(0.062) | 0.101(0.057)
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(continued)
Formulation | Coating Thickness (um) | Bolt Type | COF, COFihread COF}cad
15 8.9 8.8 0.133(0.040) | 0.149(0.039) | 0.123(0.055)
16 7.0 8.8 0.121(0.025) | 0.133(0.041) | 0.115(0.042)

[0068] Formulations 17 and 18 depicted in Table 4a were also tested with class 12.9 (47 kN) fasteners as depicted
in Table 4c.

Table 4c
Formulation Coating Weight (g/bolt) Bolt Type COF, COFread COF}cad
17 0.043 12.9 0.077 (0.012) 0.073 (0.017) 0.079 (0.010)
18 0.043 12.9 0.079 (0.009) 0.088 (0.029) 0.074 (0.013)

Note: it was not possible to measure the film thickness on this type of bolt as the shaft does not have a plane surface,
but a full thread along the whole shaft; we controlled the thickness by measuring the coat weight.

[0069] The compositions in Table 4a were also tested as previously described in respect to corrosion resistance and
the results are depicted in Table 4d.

Table 4d
Formulation | Viscosity [s] | Coat Thickness (uwm) | Corrosion - after 16 hrs (on thread/on head )
19 30 8.4 1.5/0.5
20 32.8 7.2 0.9/0.4
21 49/gel 10.6 2.0/1.0
15 28 8.9 4.0/3.0
17 33 8.4 1.6/1.5
16 28 7.0 1.3/0.5
18 32 8.4 1.8/0.6

[0070] Overall it was determined that methyltrimethoxysilane and glycidoxypropyltrimethoxysilane were the best si-
lanes to introduce into the composition in order to reduce the scatter previously seen.

Example 5

[0071] In this example a series of pigments are introduced into compositions of the type previously described. These
appear to also assist identifying compositions which meet the product requirement profile (PRP) for engine fasteners.
[0072] The pigments utilized in example 5 were:

(i) calcium fluoride lubricant grade (D50 = 15 wm) supplied by Solvay Fluor GmbH and identified in the Table 5a as
Caf2-LG

(i) Calciumfluoride superfine (D50 = 11 um) supplied by Solvay Fluor GmbH and identified in the Table 5a as CaF2-SF
(iii) Aeroxide Alu C 805 an Aluminium oxide product supplied by Degussa and identified in the Table 5a as Alu C 805.

[0073] The compositions tested are indicated in Table 5a.

Table 5a
Formulation 22 23 24 25 26 27
Butylacetate 54.29 | 54.32 | 53.92 | 5453 | 54.23 | 54.23
n-butanol 15.35 | 15.36 | 15.25 | 15642 | 1534 | 15.34
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(continued)
Formulation 22 23 24 25 26 27
Epoxy resin 12.88 | 12.89 | 12.80 | 12.94 | 12.87 | 12.87
Si-resin 3.73 3.73 3.70 3.74 3.72 3.72
Phenolic resin 4.28 4.27 4.24 4.30 4.27 4.27
Phosphoric acid 0.19 0.19 0.20 0.19 0.20 0.20
Polyamide thickener 3.91 3.87 3.84 3.90 3.87 3.87
Solid lubricant PTFE-wax mix | 1.32 1.32 2.78 1.32 2.80 2.80
Wax 0.88 0.88 - 0.88 - -
Ca-F2-LG 3.17 - - - - -
Ca-F2-SF - 3.18 3.27 - - -
Al,O4 - - - 2.77 2.70 2.70

[0074] The compositions in Table 5a were tested as previously described in respect to corrosion resistance. The
formulations in Table 5a to were tested for coefficient of friction as depicted in Tables 5b using the same methodology
as previously described again using class 8.8 (26 kN) and 10.9 (38 kN) fasteners. For both of the above type bolts, the
film thickness of the cured coating is measured on the shaft of the bolt. Unfortunately 12.9 type bolts have a continuous
thread along the shaft and as such the level of coat weight was indicated instead of coating thickness. The values for
bolts 8.8 and 10.9 refer to values considering three consecutive tightenings of each tested bolt; for the bolt 12.9 data
refer to one tightening.

Table 5b
Formulation | Viscosity [s] | Coat Thickness (.m) | Corrosion - after 16 hrs (on thread/on head)
22 33 7.7 0.3/0.2
23 30 7.4 0.3/0.2
24 29 6.2 2.0/2.0
25 46 10.0 0.4/0.4
26 42 9.6 1.6/0.8
27 43 7.4 2.3/1.0

[0075] The formulations in Table 5a were tested for coefficient of friction using the same methodology as previously
described again using class 8.8 (26 kN) and 10.9 (38 kN) fasteners. The results are depicted in Table 5c:
Table 5¢

Formulation | Coating Thickness (um) | Bolt Type | COF COFyyread COFpead

24 6.2 8.8 0.116 (0.025) | 0.0127 (0.063) | 0.109(0.034)

26 9.6 8.8 0.115 (0.037) | 0.142(0.072) 0.101(0.033)

27 74 8.8 0.123 (0.019) | 0.140 (0.046) 0.113(0.029)

22 7.7 8.8 0.125 (0.034) | 0.142(0.051) 0.115(0.049)

23 74 8.8 0.125 (0.035) | 0.143 (0.053) 0.114(0.048)

25 10.0 8.8 0.121 (0.033) | 0.158 (0.051) 0.100(0.031)

[0076] Formulations 24, 26 and 27 depicted in Table 5a were also tested with class 12.9 (47 kN) fasteners as depicted
in Table 5d. The film thickness of the cured coating is typically measured on the shaft of the bolt. Unfortunately 12.9
type bolts have a continuous thread along the shaft and as such the level of coating was indicated. Therefore the coating
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Table 5d
Formulation | Coating Weight(g/bolt) | Bolt Type | COF; COFyread COF,ead
24 0.043 12.9 0.081(0.015) | 0.090 (0.024) | 0.076(0.010)
26 0.045 12.9 0.083 (0.022) | 0.083(0.022) | 0.083(0.023)
27 0.045 12.9 0.087 (0.008) | 0.087 (0.008) | 0.088(0.010)

[0077] The pigments introduced in example 5 particularly support corrosion protection despite the fact that they are
not considered to be anti-corrosion additives.

Example 6

[0078] In this example a further series of pigments are introduced into compositions of the type previously described.
These appear to also assist identifying compositions which meet the product requirement profile (PRP) for engine
fasteners.

[0079] The pigments utilized in example 6 were:

(i) Melamine cyanurate a salt of melamine and iso-cyanuric acid in crystal form sold as Melapur® MC25 having a
mean particle size (manufacturer’s information) of 5um. This was found effective alone or in combination with a
micronized amide wax (bis-stearyl-ethylenediamide) in a powder form (mean particle size (manufacturer’s informa-
tion) 6.5um which is manufactured by Clariant as Ceridust® 3910;

(i) Polyamide-12 polymer in flake and/or sphere form with a mean particle size (manufacturer’s information) of 5um
sold as Nylon SP-500 which is manufactured by Toray Industries; and

(iii) Polyetheretherketone (PEEK) polymer in powder form with a mean particle size of Ketaspire® KT-820 from Solvay.

[0080] The compositions tested are indicated in Table 6a.
Table 6a

Formulation 28 29 30 31 32 33
Butylacetate 57.89 | 57.00 | 58.34 | 57.89 | 58.56 | 58.94
n-butanol 16.40 | 16.15 | 16.53 | 16.41 | 16.59 | 16.72
Epoxy resin 10.60 | 10.43 | 10.67 | 10.59 | 10.72 | 10.78
Si-resin 3.07 3.02 3.09 3.07 3.10 3.12
Phenolic resin 3.52 3.40 3.59 3.52 3.60 3.66
Phosphoric acid 0.20 0.20 0.20 0.20 0.20 0.20
Polyamide thickener 3.24 3.09 3.23 3.23 3.27 3.32
Solid lubricant PTFE-waxmix | 1.17 1.21 1.12 1.10 1.19 1.15
Amide Wax - - 0.83 1.62 - -
MCA 2.92 4.51 1.41 1.39 - -
Nylon SP-500 - - - - 1.76 -
PEEK - - - - - 1.10
Methyltrimethoxysilane 1.00 1.00 1.00 1.00 1.00 1.00

[0081] The compositions in Table 6a were tested as previously described in respect to coefficient of friction and the

results are depicted in Table 6b for compositions 28 and 29 (MCA), Table 6¢ for compositions 30 and 31 (MCA + Amide
wax) , Table 6d for composition 32 (Nylon SP-500) and Table 6e for composition 33 (PEEK).
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Table 6b

Formulation | Coating Thickness (um) | Bolt Type | COF, COFiread COFead

28 5.6 8.8 0.126 (0.041) | 0.0146 (0.086) | 0.115(0.029)
29 7.7 8.8 0.134 (0.054) | 0.161 (0.096) 0.120(0.039)
28 8.0 10.9 0.120 (0.049) | 0.159 (0.117) 0.099 (0.022)
29 10.8 10.9 0.125 (0.062) | 0.189 (0.107) 0.092 (0.043)
28 0.043 12.9 0.095 (0.012) | 0.104 (0.028) 0.090(0.013)
29 0.047 12.9 0.108 (0.016) | 0.127 (0.035) 0.096 (0.029)

[0082] The formulations in Table 6a were tested for coefficient of friction as depicted in Tables 6b - 6e using the same
methodology as previously described again using class 8.8 (26 kN) and 10.9 (38 kN) fasteners. For both of the above
type bolts, the film thickness of the cured coating is measured on the shaft of the bolt. Unfortunately 12.9 type bolts have
a continuous thread along the shaft and as such the level of coat weight was indicated instead of coating thickness. The
values for bolts 8.8 and 10.9 refer to values considering three consecutive tightenings of each tested bolt; for the bolt
12.9 data refer to one tightening.

[0083] Combinations of the MCA pigment in conjunction with amide type waxes were tested in Table 6¢ and it was
found that this combination also gave good results. It will be seen that MCA alone and in combination with the micronized
amide wax are able to increase the COF and also to reduce considerably the scatter on the underhead.

Table 6¢
Formulation | Coating Thickness (um) | Bolt Type | COF, COFihread COF}cad
30 10.0 8.8 0.124 (0.038) | 0.135(0.062) | 0.118(0.032)
31 6.4 8.8 0.118 (0.028) | 0.136 (0.063) | 0.108(0.017)
30 10.1 10.9 0.115(0.063) | 0.155(0.112) | 0.095(0.044)
31 11.8 10.9 0.120 (0.052) | 0.190 (0.123) | 0.083(0.025)
30 0.046 12.9 0.089 (0.021) | 0.092 (0.013) | 0.087(0.036)
31 0.050 12.9 0.091 (0.009) | 0.098 (0.033) | 0.087(0.006)

[0084] In the case of Table 6d the pigments were replaced by an alternative pigment Nylon SP-500.

Table 6d
Formulation | Coating Thickness (um) | Bolt Type | COF,; COFihread COF}cad
32 7.0 8.8 0.127 (0.055) | 0.146 (0.093) | 0.117(0.033)
32 111 10.9 0.122 (0.055) | 0.163 (0.149) | 0.101(0.027)
32 0.042 12.9 0.090 (0.010) | 0.088 (0.012) | 0.092(0.012)

[0085] Again good results were obtained with a general increase in the COF as well as scatter reduction, particularly

on the underhead.

[0086] Similarly In the case of Table 6e the pigment was replaced by a further alternative pigment PEEK polymer
powder.
Table 6e
Formulation | Coating Thickness (um) | Bolt Type | COF,; COFihread COF}cad
33 6.3 8.8 0.133 (0.030) | 0.148 (0.064) | 0.125(0.026)
33 13.9 10.9 0.128 (0.057) | 0.171(0.107) | 0.106(0.042)
33 0.054 12.9 0.110 (0.086) | 0.128 (0.129) | 0.100(0.062)
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(continued)
Formulation | Coating Thickness (um) | Bolt Type | COF, COFihread COF}cad
33 0.054 12.9 0.089 (0.023) | 0.098 (0.017) | 0.084(0.032)

[0087] Againitcan be seen that good results were achieved. Again good results were obtained with a general increase
in the COF as well as scatter reduction, particularly on the underhead.

Example 7

[0088] In this example a Titanium dioxide (TiO,) pigment was introduced into the composition as a replacement for
the other pigments utilised in Examples 5 and 6.

[0089] The formulations in Table 7a to were tested for coefficient of friction as depicted in Table 7b using the same
methodology as previously described again using class 8.8 (26 kN) and 10.9 (38 kN) fasteners. For both of the above
type bolts, the film thickness of the cured coating is measured on the shaft of the bolt. Unfortunately 12.9 type bolts have
a continuous thread along the shaft and as such the level of coat weight was indicated instead of coating thickness. The
values for bolts 8.8 and 10.9 refer to values considering three consecutive tightenings of each tested bolt; for the bolt
12.9 data refer to one tightening (indicated with 1T) and three tightenings (indicated with 3T). The specific pigment used
was a titanium dioxide having a primary mean particle size of 10 nm. The product used is produced under the Trade
Mark Hombitec® RM400 by Sachtleben Chemie GmbH, in powder form.

[0090] The compositions tested are indicated in Table 7a.
Table 7a

Formulation 34 35

Butylacetate 55.35 | 56.86

n-butanol 15.64 | 16.07

Epoxy resin 10.06 | 10.34

Si-resin 2.91 2.99

Phenolic resin 3.36 3.05

Phosphoric acid 0.19 0.20

Polyamide thickener 3.03 2.85

Solid lubricant PTFE-wax mix | 2.33 2.41

hydrocarbon wax 0.78 0.80

TiO, (Hombitec® RM400) 5.37 3.45

Methyltrimethoxysilane 0.96 0.99

Table 7b

Formulation | Coating Thickness(um) | Bolt Type | COF COFynread COFpead
35 7.7 8.8 0.109 (0.019) | 0.108 (0.023) | 0.109(0.034)
34 12.9 8.8 0.111(0.022) | 0.125(0.030) | 0.103(0.029)
35 11.7 10.9 0.089 (0.018) | 0.109 (0.049) | 0.079(0.029)
34 15.9 10.9 0.085 (0.028) | 0.115(0.059) | 0.069(0.017)
35 0.044 12.9-3T | 0.099 (0.069) | 0.086 (0.075) | 0.107(0.071)
35 0.044 12.9-1T | 0.086 (0.022) | 0.081 (0.015) | 0.088(0.026)
34 0.054 12.9-3T | 0.084 (0.038) | 0.071 (0.035) | 0.091(0.052)
34 0.054 12.9-1T | 0.076 (0.019) | 0.072 (0.014) | 0.079(0.024)
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[0091] In Table 7b 1T means one tightening and 3T means 3 tightenings. The TiO, results in Table 7b results are
showing, that this pigment had a favourable influence on the coefficient of friction (COF) and scatter in particular on
threads (see results of 12.9 bolts and three tightenings).

Claims

1.

An antifriction coating composition which comprises:

(i) a resin binder,

(ii) a polyamide thickener,
(iii) solvent and

(iv) a solid lubricant

wherein the resin binder comprises a mixture of phenolic resin, epoxy resin and a silicone resin wherein the resin
binder comprises

15 to 50% by weight, phenolic resin,

50 to 85% by weight epoxy resin, and

10 to 30%, silicone resin to a total of 100% by weight of the total binder components (excluding any solvent in
which one or more of the constituents may be supplied).

An antifriction coating composition in accordance with claim 1 wherein the resin binder comprises the reaction
product of a phenolether resin, a diglycidylether of Bisphenol A and optionally a polyorganosiloxane resin comprising
at least two different units chosen from those of formulae R3SiOg 5 (M units), R,SiO5, (D units), RSiO3, (T units)
and SiOy, (Q units), with at least one of these units being a unit T or Q, and wherein each R group may be the
same or different and may be linear or branched and is selected from C4 -C,, alkyl radicals, alternatively C, -C45
alkyl radicals or alternatively C, -Cg alkyl radicals such as, for the sake of example, methyl, ethyl, isopropyl, tert-
butyl and n-hexyl radicals; C,-Cq alkenyl radicals, such as vinyl and/or hexenyl radicals, phenyl radicals, 3,3,3-
trifluoropropyl and hydroxy groups.

An antifriction coating composition in accordance with claim 1 or 2 wherein the polyorganosiloxane resinis a T resin,
a DT resin or a MDT resin.

An antifriction coating composition in accordance with any preceding claim wherein the polyamide thickener is a
polyamide wax.

An antifriction coating composition in accordance with claim 4 wherein the polyamide wax is a product of reactions
of long-chain carboxylic acid with a mono functional amine, polyfunctional amine or with ammonia.

An antifriction coating composition in accordance with claim 4 or 5 wherein the polyamide wax is a product of
reactions of one or more alkylenediamines and one or more linear fatty acids or mixtures of fatty acids.

An antifriction coating composition in accordance with any preceding claim wherein the solid lubricant is selected
from the group of Graphite, MoS,, PTFE, silicone wax, a solid hydrocarbon wax, a mixture of PTFE and polyolefin
wax, zinc sulphide, tricalcium phosphate, calcium fluoride or a mixture of any two or more thereof and/or wherein
the solvent is selected from one or more of water, alcohols, ketones, esters heterocyclic aromatic solvents and non-
heterocyclic aromatic solvents and mixtures thereof.

An antifriction coating composition in accordance with claim 7 wherein the solvent is a mixture of one or more
alcohols and one or more esters, in a ratio of from 10:90 by weight to 50:50 by weight.

An antifriction coating composition in accordance with any preceding claim wherein the composition further comprises
one or more silane coupling agents selected from one or more of methyltrimethoxysilane, (3-glycidoxypropyl) tri-
methoxysilane and (3-glycidoxypropyl) triethoxysilane.

10. An antifriction coating composition in accordance with any preceding claim comprising
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(i) 15- to 30 % by weight of resin binder (excluding the weight of any solvent in which resin is supplied)
(i) 1-to 8 % by weight of polyamide thickener,

(iii) 50- 80 % by weight solvent and

(iv) 0.5 - 15 % by weight of one or more solid lubricants

(v) 0 - 3 % by weight of one or more silane coupling agent(s)

and optional additives when present with the total % weight being 100%.
An antifriction coating composition in accordance with any preceding claim comprising

(i) 20- 25 % by weight of the a resin binder (excluding the weight of any solvent in which resin is supplied)
(i) 2 -5 % by weight of polyamide thickener,

(iii) 65 - 75 % by weight solvent and

(iv) 1.5 - 11 % by weight of one or more solid lubricants;

(v) 0 - 2 % by weight of silane coupling agent

and optional additives when present with the total % weight being 100%.

An antifriction coating composition in accordance with any preceding claim additionally comprising one or more
pigments wherein the pigment comprises calcium fluoride, aluminium oxide, silicon carbide, silicon nitride, titanium
carbide, titanium oxide, silicon oxide, melamine cyanurate (alone or mixed with a micronized amide wax), polyamide-
12 polymer, polyetheretherketone polymers and mixtures thereof.

A method of making an antifriction coating composition in accordance with any preceding claim by mixing the
components together in any suitable order.

A method of applying an antifriction coating composition in accordance with any one of claims 1 to 12 on to a surface
of a substrate by brushing, dipping, dip-spinning (centrifuging), spraying, printing and roller coating and/or wherein
subsequent to application the coating is cured at a temperature of between 120°C and 200°C.

A method of applying an antifriction coating composition in accordance with claim 14 wherein the substrate is pre-
treated or post-treated with phosphating layers, Zn-rich coatings, Zn-flakes base coats, Zn-plating layers, or hot dip
Zn-galvanizing layers.

A substrate comprising one or more layers of the coating composition in accordance with any one of claims 1 to 12
and applied by the method of any one of claims 13 to 15 wherein the substrate is selected from the group of comprising
fasteners or threaded connections used in industrial applications, fasteners used in automotive applications door,
bonnet and boot lock parts, hinges, door stoppers, window guides, seat belt components, brake rotors and drums,
bushings, rods, piston skirts, piston rings or instrument panels, and other transportation industry related metallic parts.

Use of a composition in accordance with any one of claims 1 to 12 to provide an antifriction coating on a substrate
wherein the substrate is selected from door, bonnet and boot lock parts, hinges, door stoppers, window guides, seat
belt components, brake rotors and drums, bushings, rods, piston skirts, piston rings or instrument panels, and other
transportation industry related metallic parts.

Patentanspriiche

1.

Antifriktionsbeschichtungszusammensetzung, die Folgendes umfasst:

(i) ein Harzbindemittel,

(i) ein Polyamidverdickungsmittel,
(iii) ein Lésungsmittel und

(iv) ein festes Gleitmittel,

wobei das Harzbindemittel eine Mischung von phenolischem Harz, Epoxidharz und einem Siliconharz umfasst,
wobei das Harzbindemittel Folgendes umfasst:
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15 bis 50 Gew.-% phenolisches Harz,

50 bis 85 Gew.-% Epoxidharz,

10 bis 30 Gew.-% Siliconharz bis zu insgesamt 100 Gew.-% der gesamten Bindemittelkomponenten (aus-
schlieRlich eines beliebigen Lésungsmittels, in dem ein oder mehrere der Bestandteile geliefert werden kénnen).

Antifriktionsbeschichtungszusammensetzung nach Anspruch 1, wobei das Harzbindemittel das Reaktionsprodukt
eines Phenoletherharzes, eines Diglycidylethers von Bisphenol A und wahlweise eines Polyorganosiloxanharzes
umfasst, das mindestens zwei verschiedene Einheiten umfasst ausgewahit aus denjenigen der Formeln R3Sij 5 (M-
Einheiten), R,SiO,, (D-Einheiten), RSiO5,, (T-Einheiten) und SiO,4,, (Q-Einheiten), wobei mindestens eine dieser
Einheiten eine T- oder Q-Einheit ist, und wobei jede R-Gruppe gleich oder verschieden sein kann und linear oder
verzweigt sein kann und aus C4-C,4-Alkylradikalen, alternativ C4-C4,-Alkylradikalen oder alternativ C4-Cg-Alkylra-
dikalen wie etwa, als Beispiel, Methyl-, Ethyl-, Isopropyl-, tert-Butyl- und n-Hexylradikalen; C,-Cg-Alkenylradikalen,
wie etwa Vinyl- und/oder Hexenylradikalen, Phenylradikalen, 3,3,3-Trifluorpropyl- und Hydroxygruppen ausgewahlt
wird.

Antifriktionsbeschichtungszusammensetzung nach Anspruch 1 oder 2, wobei das Polyorganosiloxanharz ein T-
Harz, ein DT-Harz oder ein MDT-Harz ist.

Antifriktionsbeschichtungszusammensetzung nach einem vorhergehenden Anspruch, wobei das Polyamidverdi-
ckungsmittel ein Polyamidwachs ist.

Antifriktionsbeschichtungszusammensetzung nach Anspruch 4, wobei das Polyamidwachs ein Reaktionsprodukt
langkettiger Carbonsaure mit einem monofunktionellen Amin, polyfunktionellen Amin oder mit Ammoniak ist.

Antifriktionsbeschichtungszusammensetzung nach Anspruch 4 oder 5, wobei das Polyamidwachs ein Reaktions-
produkt eines oder mehrerer Alkylendiamine und einer oder mehrerer linearer Fettsauren oder von Mischungen von
Fettsauren ist.

Antifriktionsbeschichtungszusammensetzung nach einem vorhergehenden Anspruch, wobei das feste Gleitmittel
aus der Gruppe ausgewahlt wird von Graphit, MoS,, PTFE, Siliconwachs, einem festen Kohlenwasserstoffwachs,
einer Mischung von PTFE und Polyolefinwachs, Zinksulfid, Tricalciumphosphat, Calciumfluorid oder einer Mischung
von beliebigen zwei oder mehr davon und/oder

wobei das Lésungsmittel aus einem oder mehreren ausgewahlt wird von Wasser, Alkoholen, Ketonen, Estern,
heterocyclischen aromatischen Losungsmitteln und nichtheterocyclischen aromatischen Losungsmitteln und Mi-
schungen davon.

Antifriktionsbeschichtungszusammensetzung, nach Anspruch 7, wobei das Lésungsmittel eine Mischung von einem
oder mehreren Alkoholen und einem oder mehreren Estern in einem Verhaltnis von 10:90 Gew.-% bis 50:50 Gew .-
% ist.

Antifriktionsbeschichtungszusammensetzung nach einem vorhergehenden Anspruch, wobei die Zusammensetzung
ferner einen oder mehrere Silanhaftvermittler umfasst ausgewahlt aus einem oder mehreren von Methyltrimetho-
xysilan, (3-Glycidoxypropyl)trimethoxysilan und (3-Glycidoxypropyl)triethoxysilan.

10. Antifriktionsbeschichtungszusammensetzung nach einem vorhergehenden Anspruch, Folgendes umfassend:

(i) 15 bis 30 Gew.-% Harzbindemittel (ausschlieBlich des Gewichts eines beliebigen Lésungsmittels, in welchem
das Harz geliefert wird)

(i) 1 bis 8 Gew.-% Polyamidverdickungsmittel,

(iii) 50 bis 80 Gew.-% Lésungsmittel und

(iv) 0,5 bis 15 Gew.-% eines oder mehrerer fester Gleitmittel

(v) 0 bis 3 Gew.-% eines oder mehrerer Silanhaftvermittler

und wahlweise Zusatzmittel mit dem gesamten Prozentgewicht von 100 %, wenn sie vorliegen.

11. Antifriktionsbeschichtungszusammensetzung nach einem vorhergehenden Anspruch, Folgendes umfassend:

(i) 20 bis 25 Gew.-% des Harzbindemittels (ausschlieflich des Gewichts eines beliebigen Losungsmittels, in
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welchem das Harz geliefert wird)

(ii) 2 bis 5 Gew.-% Polyamidverdickungsmittel,

(iii) 65 bis 75 Gew.-% Lésungsmittel und

(iv) 1,5 bis 11 Gew.-% eines oder mehrerer fester Gleitmittel;
(v) 0 bis 2 Gew.-% Silanhaftvermittler

und wahlweise Zusatzmittel mit dem gesamten Prozentgewicht von 100 %, wenn sie vorliegen.

Antifriktionsbeschichtungszusammensetzung, nach einem vorhergehenden Anspruch, zusatzlich ein oder mehrere
Pigmente umfassend, wobei das Pigment Calciumfluorid, Aluminiumoxid, Siliciumcarbid, Siliciumnitrid, Titancarbid,
Titanoxid, Siliciumoxid, Melamincyanurat (als solches oder mit einem mikronisierten Amidwachs gemischt), Polya-
mid-12-polymer, Polyetheretherketon-Polymere und Mischungen davon umfasst.

Verfahren zum Herstellen einer Antifriktionsbeschichtungszusammensetzung nach einem vorhergehenden An-
spruch durch Zusammenmischen der Komponenten in einer beliebigen geeigneten Reihenfolge.

Verfahren zum Auftragen einer Antifriktionsbeschichtungszusammensetzung, nach einem der Anspriiche 1 bis 12
auf eine Oberflache eines Substrats durch Pinselauftrag, Tauchen, Tauchschleudern (Zentrifugieren), Spritzen,
Drucken und Walzenbeschichten und/oder wobei nach dem Auftragen die Beschichtung bei einer Temperatur zwi-
schen 120 °C und 200 °C ausgehartet wird.

Verfahren zum Auftragen einer Antifriktionsbeschichtungszusammensetzung, nach Anspruch 14, wobei das Sub-
strat mit Phosphatierungsschichten, Zn-reichen Beschichtungen, Zn-Flockengrundbelagen, Zn-Plattierungsschich-
ten oder Feuerverzinkungsschichten vorbehandelt oder nachbehandelt wird.

Substrat umfassend eine oder mehrere Schichten der Beschichtungszusammensetzung nach einem der Anspriiche
1 bis 12, die durch das Verfahren nach einem der Anspriiche 13 bis 15 aufgebracht wird/werden, wobei das Substrat
aus der Gruppe ausgewahlt wird, die Befestigungsmittel oder Gewindeverbindungen, die bei industriellen Anwen-
dungen verwendet werden, Befestigungsmittel, die bei Tir-, Abdeckhauben- und KofferraumschlieRteilen fiir Fahr-
zeuge verwendet werden, Scharniere, Turstopper, Fensterfiihrungen, Sicherheitsgurtkomponenten, Bremsenroto-
ren und -trommeln, Muffen, Stangen, Kolbenmantel, Kolbenringe oder Armaturentafeln und andere mit der Trans-
portindustrie verbundene Metallteile umfasst.

Verwendung einer Zusammensetzung nach einem der Anspriiche 1 bis 12 zum Bereitstellen einer Antifriktionsbe-
schichtung auf einem Substrat, wobei das Substrat aus Tir-, Abdeckhauben- und Kofferraumschlief3teilen fiir Fahr-
zeuge, Scharnieren, Turstoppern, Fensterfiihrungen, Sicherheitsgurtkomponenten, Bremsenrotoren und - trom-
meln, Muffen, Stangen, Kolbenmanteln, Kolbenringen oder Armaturentafeln und anderen mit der Transportindustrie
verbundenen Metallteilen ausgewahlt wird.

Revendications

1.

Composition de revétement antifriction qui comprend :

(i) un agent liant a base de résine,

(ii) un agent épaississant de polyamide,
(iii) un solvant et

(iv) un agent lubrifiant solide

dans laquelle 'agent liant a base de résine comprend un mélange de résine phénolique, de résine époxy et d’'une
résine de silicone, dans laquelle I'agent liant a base de résine comprend

de 15 a 50 % en poids de résine phénolique,

de 50 a 85 % en poids de résine époxy, et

de 10 a 30 %, de résine de silicone jusqu’a un total de 100 % en poids des composants totaux d’agent liant
(excluant tout quelconque solvant dans lequel un ou plusieurs des constituants peuvent étre fournis).

Composition de revétement antifriction selon larevendication 1, dans laquelle 'agentliant a base de résine comprend
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le produit réactionnel d’'une résine de phénol éther, d’un éther diglycidylique de bisphénol A et facultativement d’'une
résine de polyorganosiloxane comprenant au moins deux unités différentes choisies parmi celles des formules
R3SiO 5 (unités M), RySiOy, (unités D), RSiOg, (unités T) et SiOy, (unités Q), avec au moins une de ces unités
étant une unités T ou Q, et dans laquelle chaque groupe R peut étre identique ou différent et peut étre linéaire ou
ramifié et est sélectionné parmi les radicaux alkyle en C, a C,, alternativement les radicaux alkyle en C; &4 C4, ou
alternativement les radicaux alkyle en C, & Cq4 tels que, a titre d’exemple, les radicaux méthyle, éthyle, isopropyle,
tert-butyle et n-hexyle; les radicaux alcényle en C, a Cg, tels que les radicaux vinyle et/ou hexényle, les radicaux
phényle, les groupes 3,3,3-trifluoropropyle et hydroxy.

Composition de revétement antifriction selon la revendication 1 ou 2, dans laquelle la résine de polyorganosiloxane
est une résine T, une résine DT ou une résine MDT.

Composition de revétement antifriction selon I'une quelconque des revendications précédentes, dans laquelle 'agent
épaississant de polyamide est une cire de polyamide.

Composition de revétement antifriction selon la revendication 4, dans laquelle la cire de polyamide est un produit
de réactions d’acide carboxylique a longue chaine avec une amine monofonctionnelle, une amine polyfonctionnelle
ou avec de 'ammoniac.

Composition de revétement antifriction selon la revendication 4 ou 5, dans laquelle la cire de polyamide est un
produitde réactions d’une ou de plusieurs alcylenediamines etd’'un ou de plusieurs acides gras linéaires ou mélanges
d’acides gras.

Composition de revétement antifriction selon I'une quelconque des revendications précédentes, dans laquelle 'agent
lubrifiant solide est sélectionné dans le groupe du graphite, de MoS,, du PTFE, de la cire de silicone, d’une cire
d’hydrocarbure solide, d’'un mélange de PTFE et de cire de polyoléfine, de sulfure de zinc, de phosphate tricalcique,
de fluorure de calcium ou d’'un mélange de deux quelconques ou plus de ceux-ci et/ou dans laquelle le solvant est
sélectionné parmi un ou plusieurs de I'eau, des alcools, des cétones, des esters, des solvants aromatiques hété-
rocycliques et des solvants aromatiques non hétérocycliques et des mélanges de ceux-ci.

Composition de revétement antifriction selon la revendication 7, dans laquelle le solvant est un mélange d'un ou
de plusieurs alcools et d’'un ou de plusieurs esters, sous un rapport de 10:90 en poids a 50:50 en poids.

Composition de revétement antifriction selon 'une quelconque des revendications précédentes, dans laquelle la
composition comprend en outre un ou plusieurs agents de couplage au silane sélectionnés parmi un ou plusieurs
du méthyltriméthoxysilane, du (3-glycidoxypropyl) triméthoxysilane et du (3-glycidoxypropyl) triéthoxysilane.

10. Composition de revétement antifriction selon I'une quelconque des revendications précédentes comprenant

(i) de 15 a 30 % en poids d’agent liant a base de résine (excluant le poids de tout solvant dans lequel une résine
est fournie)

(i) de 1 a 8 % en poids d’agent épaississant de polyamide,

(iii) de 50 a 80 % en poids de solvant et

(iv) de 0,5 a 15 % en poids d’un ou de plusieurs agents lubrifiants solides

(v) de 0 @ 3 % en poids d’'un ou de plusieurs agents de couplage au silane

et des additifs facultatifs lorsqu’ils sont présents avec le % total en poids étant de 100 %.

11. Composition de revétement antifriction selon I'une quelconque des revendications précédentes comprenant

(i) de 20 a 25 % en poids d’agent liant a base de résine (excluant le poids de tout solvant dans lequel une résine
est fournie)

(i) de 2 a 5 % en poids d’agent épaississant de polyamide,

(iii) de 65 a 75 % en poids de solvant et

(iv) de 1,5 a 11 % en poids d’un ou de plusieurs agents lubrifiants solides ;

(v) de 0 @ 2 % en poids d’agent de couplage au silane

et des additifs facultatifs lorsqu’ils sont présents avec le % total en poids étant de 100 %.
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Composition de revétement antifriction selon I'une quelconque des revendications précédentes comprenant addi-
tionnellement un ou plusieurs pigments dans laquelle le pigment comprend du fluorure de calcium, de I'oxyde
d’aluminium, du carbure de silicium, du nitrure de silicium, du carbure de titane, de I'oxyde de titane, de 'oxyde de
silicium, du cyanurate de mélamine (seul ou mélangé avec de la cire d’'amide micronisée), un polymére de polyamide-
12, des polymeres de polyétheréthercétone et des mélanges de ceux-ci.

Procédé de fabrication d’'une composition de revétement antifriction selon I'une quelconque des revendications
précédentes par mélange des composants ensemble dans un quelconque ordre approprié.

Procédé d’application d’'une composition de revétement antifriction selon I'une quelconque des revendications 1 a
12 sur une surface d’un substrat par brossage, trempage, filage-trempage (centrifugation), pulvérisation, impression
et revétement au rouleau et/ou dans lequel, suite a I'application, le revétement est durci a une température comprise
entre 120 °C et 200 °C.

Procédé d’application d’'une composition de revétement antifriction selon la revendication 14, dans lequel le substrat
est prétraité ou post-traité avec des couches de phosphatation, des revétements riches en Zn, des revétements a
base de flocons de Zn, des couches de placage de Zn, ou des couches de galvanisation de Zn a chaud au trempé.

Substrat comprenant une ou plusieurs couches de la composition de revétement selon 'une quelconque des re-
vendications 1 a 12 et appliqué par le procédé selon 'une quelconque des revendications 13 a 15, dans lequel le
substrat est sélectionné dans le groupe comprenant des attaches ou des raccords filetés utilisé(e)s dans des
applications industrielles, des attaches utilisées dans une porte d’applications automobiles, des pieces de verrouilla-
ge de capot et de coffre, des charniéres, des butées de porte, des guides de fenétre, des composants de ceinture
de siege, des rotors et des tambours de frein, des garnitures d’étanchéité, des tiges, des jupes de piston, des
anneaux de piston ou des panneaux d’instrument, et d’autres pieces métalliques liées a l'industrie du transport.

Utilisation d’'une composition selon 'une quelconque des revendications 1 a 12 pour fournir un revétement antifriction
sur un substrat dans laquelle le substrat est sélectionné parmi une porte, des pieces de verrouillage de capot et de
coffre, des charniéres, des butées de porte, des guides de fenétre, des composants de ceinture de siége, des rotors
et des tambours de frein, des garnitures d’étanchéité, des tiges, des jupes de piston, des anneaux de piston ou des
panneaux d’instrument, et d’autres piéces métalliques liées a I'industrie du transport.
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